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1. Nultiple Transit ions i n  Various Polymer Systems 

Lenzth-temperature seasurexents on a polvalkyl rnethacrylate s e r i e s ,  

between -180Oc and the  plass temperature, given i n  a previous *eport, have 

been extended t o  longer chain nolymers. 

lates behaved i n  a s imilar  manner t o  t h e  shorter  s ide  chain polymers, exhibitinclg 

th ree  TeT 

coef f ic ien ts  which increase w i t h  side chain len9th t o  values i n  excess of 

twice those observed f o r  polymethyl methacrylate. 

two T p p  t r ans i t i ons ,  p a r a l l e l s  t h e  main glass t r ans i t i on ,  decreasing with 

increasing side chain length. 

g-3 t r a n s i t i o n ,  and lower expansion coef f ic ien ts ,  

orderinr: i n  the  n-alkyl side chain, which r e s t r i c t s  t he  Slassy state notion 

somewhat. 

Poly n-hexyl 2nd n-octvl methacrv- 

t r ans i t i ons  i n  the  teT2ersrture ran?e s tudied and havinrs expansion 
G 

The locat ions of t h e  upper 

Ja 

Poly n-decyl methacrylate shorn only one obvious 

This i s  grobablv due t o  

A s imi l ay  polyvinyl a lky l  ether s e r i e s  has been s tudied i n  the  same 

temgerature ranye, vieldinrc s i m i l a r  r e s u l t s  t o  those obtained f o r  t he  methacry- 

lates. 

polymers with a s ide chain longer than methrl exhibi t  one --s t r a n s i t i o n  i n  

t h e  tenperature  ranqe T 

of our present t emera tu re  ranqe. 

shov two TTp t r ans i t i ons  and we suygest tha t  t h i s  second t r a n s i t i o n  i s  present 

i n  a l l  the vinyl  e thers  Selow our  tenperature ran7e. 

coef f ic ien ts  increase on lenythening t h e  alkvl s ide  chain, w i t h  a m a x i m u m  at 

n-butyl, and thereafter decrease s l iTht ly .  This again i s  believed due t o  

orderinq i n  the  s ide  chain vhich r e s t r i c t s  motion. I n  t h i s  s e r i e s  t h e  s ide  

chain shows a c rys t a l l i ne  melting poin t  vhen only t e n  carbon atoms loncf. 

Simha-Boyer free volume product, 3(a;  - a ' ) . T  , decreases c r i t h  increasinp 

T decreases v i t h  increasinn: s ide chain lenr?th t o  n-octvl, and t h e  
P; 

t o  (T, -7OoC), 1 6 t h  evidence of another a t  t he  l i m i t  s > 

Polyvinvl sec-butyl and iso-butvl e thers  

30 

The ylassy state exFansion 

The 

8 n ,  



- 2- 

s ide  chain length, as f o r  t h e  nethacrylates,  and subst i tut ion of c1' , t h e  
?' 

6 expansion coeff ic ient  belov the  7-4 t rans i t ion ,  for  c f  i n  t h e i r  equation, qives 
'= 

a value s t i l l  too  low. Arrain t h i s  sumyests a t r ans i t i on  belov our current t em-  

perature  range, 

Length-temperature rneasurements have a l so  been nade on a copolymer series 

of tetrafluoroethylene (TFE) and 3,3,3 tr if luoropropylene (TFP) of TFY content 

0, 19, 42, 64 and 100 mole percent, between -185'~ and T . 
yielded a pa t te rn  of T<Tw t rans i t ions  and each of these i n  the copolymers can 

be associated with one i n  t h e  Farent  homopolyner. PTFE (52% c rys t a l l i ne )  has 

This work has 
f., 

> 

a very broad t r ans i t i on ,  spanning about 50°, with i t s  mid-point at about -lOO°C, 

a smaller one a t  -37OC and a first order t r ans i t i on  a t  24OC. The two lower 

t r ans i t i ons  are present i n  a l l  three coyolyrners, with t h e i r  maqnitude, given 

by t h e  difference i n  expansion coeff ic ients  Bbove and belov each t r ans i t i on ,  

decreasing w i t h  decreasinrr, TTE content. 

two T<T7 t r ans i t i ons  a t  -9 and -87OC. 

copolymers of h ighes t  TI"P content, with i t s  Tagnitude degendent on t h e  T"? 

Poly 3,3 ,3  tr if luoropropylene exhihi ts  

"he fomer  i s  also nresent i n  the  tvo 
J 

present. The t r ans i t i on  at  -87OC is  i n  a similar location t o  the  -1OO'C T% 

t r ans i t i on ,  with the  la t ter  naking %)le lamer contribution t o  the chmge i n  

expansion coeff ic ient .  

The copolymer Zlass temperatures extrapolate t o  a Tw f o r  100% atnorphous 
:3 

FTFY of 11-16Oc, where no t r ans i t i on  i s  seen f o r  the homopolymer. In  contrast  

t o  T , T 

i n t r i n s i c  C;rouping, w i t h  only t h e  magnitude of t he  e f f ec t  depending on composi- 

( i )  do not vary v i t h  coTposition but are charac te r i s t ic  of t h e  
G %<Z 

t ion .  The persistence of t he  t rans i t ions ,  even i n  low concentration of a 

par t icu lar  monomer uni t ,  con f i rm t h a t  they correspond t o  notions of short  

backbone seLyents ,  at l e a s t  for those associated v i t h  TF*. 

The thermal expansivity equipnent has been modified fo r  use t o  l i qu id  



helium temperatures and work i s  currentlv i n  nroqress on the  polyalkyl methacry- 

lates and vinyl alkyl ethers  between 4.2 and 7 7 O r C .  

2. Equation of State ?roperties 

FUrth' s nearest neishbor d is t r ibu t ion  function', vhich ve have been 

explorinq as an a l t e rna te  t o  t h e  hole theory of the  Tquation of State, has been 

modified f o r  t he  case of a s imyle monomer f lu id ,  allowin? t h e  use of an elec- 

t ron ic  cornputer t o  evaluate i t s  properties. The theory contains th ree  parameters 

whose values cannot be determined by independent neasurements t o  the  accuracy 

required f o r  reliable predictions of t h e  themodynmic properties.  

quentlv, t he  success of t he  theory depends on how w?ll i t s  predictions aqree 

w i t h  experimental data when t h e  precise values of the  parameters a re  determined 

by a least square e r ror  ana lwi s .  

analysis  using experimental compressibility isotherms f o r  arqon i n  the  thermal  

region aroun0 t h e  c r i t i c a l  tem?erature. 

Conse- 

A t  present w e  are  engaged i n  such an e r ror  

An attempt has also been made since the last 9eFort t o  extend W r t h ' s  

theorv t o  polymer f lu ids  and t o  rzixtures of simple monomer f lu ids .  

the  rigorous fomulae have not as ?ret been nut i n t o  a form such t h a t  t h e i r  

predictions can be comFare2 v i t h  t h e  hole  theory or w i t h  experiment. 

However 

1. !?. Mrth, Proc. Roy. SOC. Edin, a, 232 (1963-64). 


